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Poverty during childhood exerts profound, persistent, adverse effects on health, educational achievement, and economic self-sufficiency in later life. 1, 2 Rapid development in early life enhances vulnerability to even short-term physiologic perturbations (nutrient deficiency, temperature extremes, stress, infections, and toxin exposure), which are more prevalent and more severe among children living in poverty. 3, 4 Poverty in the United States disproportionately afflicts young children in households with parents who are single, are black or Hispanic, are immigrants, or have low educational attainment. 5, 6 Poverty influences children's well-being through multiple broad constructs of environmental stressors. One stressor, which often is a consequence of parental psychological distress, involves unresponsive caregiving, which results in a lack of early-life cognitive stimulation. [7] [8] [9] Other stressors involve "material hardships," which may have direct physiologic effects on children. These hardships include food insecurity, unstable or crowded housing, inability to afford home heating or cooling, and lack of health insurance, 10 conditions that are measured nationally by the Survey of Income and Program Participation. 10, 11 Investments in home visiting, early education, or public benefit programs may mitigate the effects of these factors. [12] [13] [14] [15] [16] We and others have linked individual material hardships, particularly food, housing, and energy insecurity, to the health and development of children during the first 3 years of life. 13, [17] [18] [19] [20] [21] [22] [23] Since the seminal work of Sameroff and Chandler, 24 composites of demographic and psychological characteristics have been considered better predictors of health, 25, 26 IQ, and behavior 27, 28 in young children than is any single factor. [25] [26] [27] [28] For example, Sameroff et al 28 evaluated 10 demographic and psychological risk factors and found a linear relationship between the number of risk factors (up to 4 or 5) and children's preschool IQ, with little incremental effect after that threshold. In another study, a latent material hardship construct of food insecurity, housing instability, inadequate medical care, and "financial troubles" was a stronger predictor of parents' psychological distress than was income alone. 8 Food insufficiency and "medical need" correlated negatively with the health of 5-to 11-yearold children, both directly and through parental depression. 29 To our knowledge, however, there are no studies examining the association between multiple material hardships, controlling for relevant covariates, and the wellbeing of poor and near-poor infants and toddlers. Moreover, some components of children's well-being may be more vulnerable to varying levels of cumulative hardships than others.
The goals of the current study were to develop and to test a cumulative hardship index synthesizing 3 factors (food insecurity, energy insecurity, and housing insecurity) from data collected by Children's HealthWatch (www.childrenshealthwatch.org), formerly the Children's Sentinel Nutrition Assessment Program. We hypothesized that (1) cumulative hardship would decrease, in an ordinal manner, the odds of wellness (a summary indicator of positive health and development) among young children, while controlling for the demographic and perinatal characteristics and maternal depressive symptoms that constitute traditional risk factor indices, and (2) the threshold for negative outcomes associated with the cumulative hardship index might differ for each domain of the summary wellness indicator.
METHODS

Study Sample and Procedures
Children's HealthWatch conducted household-level surveys and medical record audits from July 1, 2004 , to December 31, 2007 . Institutional review board approval was obtained at each site and was renewed yearly. The subjects were recruited from primary care clinics (Baltimore, MD; and Minneapolis, MN) and hospital emergency departments (Baltimore, MD; Boston, MA; Little Rock, AR; and Philadelphia, PA). During times of peak patient flow, as staffing permitted, all caregivers of children from birth to 3 years of age who met the study criteria were approached, with the exception of caregivers of critically ill or injured children. Eligibility criteria for the current analysis included lack of private health insurance (as a proxy for low income), child's age of Ն4 months and Ͻ37 months, state residency, ability to speak English, Spanish, or (in Minneapolis only) Somali, living in the child's household, not having been interviewed within the previous 6 months, and consent to be interviewed.
Instruments
The survey included multiple domains. Child health was assessed through 2 indicators. Caregivers reported their perceptions of their children's health as fair, poor, good, or excellent, which was adapted from the single validated question from the Third National Health and Nutrition Examination Survey. 30 Children's history of lifetime hospitalizations since discharge from the newborn nursery was determined through caregivers' reports.
Developmental risk was measured with the Parents' Evaluation of Developmental Status (PEDS), 31, 32 which meets the standards set by the American Academy of Pediatrics for developmental screening tests [31] [32] [33] [34] for children from birth through age 7. We limited our sample to children Ն4 months of age because the sensitivity and specificity of the PEDS are better for children Ն4 months of age than for younger infants. 31, 32 On the basis of standard scoring of the PEDS, 31, 32 endorsed items (yes or a little) were classified as significant or nonsignificant concerns depending on the age of the child. Children whose caregivers reported Ն1 significant concern were considered at developmental risk. 29, 30 Caregivers' depressive symptoms were measured with a 3-item screening test, 35 which has sensitivity of 100%, specificity of 88%, and positive predictive value of 66% in comparison with the 8-item Rand screening instrument. 35 Children's weight and length on the day of the interview either were recorded by project staff members or were determined through medical record review. Because of practical constraints within emergency departments, 25.6% of the subjects did not have their lengths measured. Weightfor-age percentiles, a composite measure of growth, 36 were calculated by using the US Centers for Disease Control and Prevention age-and genderspecific reference values. 37 When length was known, weight-for-length percentiles were ascertained and, if the child was Ͼ24 months of age, BMI percentiles were calculated.
Construction of Predictor Variable
Three constructs constitute the cumulative hardship index. Each construct generates 3 mutually exclusive categories to capture increasing levels of material hardship in the past 12 months. Household food security was derived from the valid, reliable, 18-item US Food Security Scale, which was scored and scaled in accordance with established procedures. 38 Households were classified as food insecure if they reported that they could not afford enough food for an active, healthy life for all household members. 38 Food insecurity 38 was coded as household food security, household food insecurity without child food insecurity, or household and child food insecurity. Child food insecurity indicates caregivers' report that they had to skip or to reduce the size of children's meals or to feed the children a few nutritionally unbalanced foods. 13 Child food insecurity represents an incremental risk to children's health above the risk imposed by household-level food insecurity alone. 13 We are not aware of any officially sanctioned definitions of household housing or energy insecurity. Therefore, we measured these constructs by using indices developed empirically by Children's HealthWatch; the indices have external validity, with statistically significant associations with children's health outcomes in adjusted analyses. 20, 21 Energy insecurity 20 within the past year was coded as energy security (no threatened or actual utility disconnections, no unheated/uncooled days, and no use of a cooking stove for heating), moderate energy insecurity (threatened utility disconnection because of nonpayment), or severe energy insecurity (unheated or uncooled day because of nonpayment, actual utility disconnection, and/or heating the residence with a cooking stove).
Housing insecurity 21 within the past year was categorized as housing security (no more than 1 move in the previous year and not crowded or doubled up), moderate housing insecurity (household is crowded and/or doubled up and has had no more than 1 move), or severe housing insecurity (household is crowded and/or doubled up and has moved Ն2 times). Crowding was defined as Ͼ2 people per bedroom and doubling up as a positive answer to the following question, adapted from the US Census: "Are you temporarily living with other people even for a little while because of economic difficulties?" 39 The cumulative hardship index was constructed to range from 0 to 6, with each component (food insecurity, housing insecurity, and energy insecurity) contributing a possible score of 0 (secure), 1 (moderately insecure), or 2 (severely insecure). On the basis of the distribution of the scores, we identified 3 categories of the cumulative hardship index, that is, no hardship (score of 0), moderate hardship (scores of 1-3), and severe hardship (scores of 4 -6). To evaluate whether any of the 3 components exerted a disproportionate effect on the index, we performed a multivariate logistic regression analysis with the 3 individual constructs included as separate independent variables. Adjusted odds ratios (AORs) for outcomes across the 3 constructs were of the same magnitude, with no construct consistently acting as a stronger predictor than the others.
Construction of Study Outcome Measures
By following the approach described by Bradley et al, 40 we considered children as enjoying wellness if caregivers reported that the child had good or excellent heath, had experienced no hospitalizations, and did not score as developmentally at risk on the PEDS. Furthermore, anthropometric measurements of well children fell within normal parameters (weight for age of Ͼ5th percentile but Ͻ95th percentile and weight for height of Ͼ10th percentile but Ͻ95th percentile for children Ͻ24 months of age or BMI of Ͻ85th percentile for children Ͼ24 months of age). These outcomes were shown in previous Children's HealthWatch research to correlate with the individual energy, housing, and food insecurity measures. 13, 17, [20] [21] [22] We also examined the association of the cumulative hardship index with each of the individual components of this wellness index.
Statistical Methods
To test whether the cumulative hardship index acts as an ordinal scale, with increasing scores being correlated with increasing odds of adverse outcomes, we examined AORs from the multivariate logistic regression models describing not only severe versus no hardship but also severe versus moderate hardship and moderate versus no hardship. By referring to the association as "ordinal" rather than "linear," we do not assume that the increase in risk for moderate versus no hardship equals the increase in risk for severe versus moderate hardship.
Covariates were entered in the regression analysis either a priori (child's gender and birth weight) or because they were correlated at Ͻ.05 with both the level of hardship and the wellness outcome or its components. Two-tailed P values of Ͻ.05 were considered statistically significant.
RESULTS
Sample Characteristics
From 2004 through 2007, 15 100 respondents were approached to be screened for participation (Fig 1) ; 14 133 (94%) agreed to be screened, and 12 625 (89%) were eligible for the study. We restricted the current analysis to children 4 to 36 months of age from families with no private insurance (N ϭ 8324). Of those children, 7141 (86%) had complete data on cumulative hardship and study outcomes and were included in the analyses. Children with complete data did not differ from children with incomplete data with respect to gender, age, birth weight, number of children in the household, or mother's marital status, depressive symptoms, or age. Caregivers who self-identified as Hispanic, were interviewed in Boston or Minneapolis, were not born in the United States, did not have a high school education, or did not breastfeed were more likely than other caregivers to have incomplete measures. These variables were adjusted for in the multivariate regression models.
Thirty-seven percent of the participants reported no material hardship, 57% reported moderate hardship, and 6% reported severe hardship. The components of the cumulative hardship index were distributed as follows: (1) 79% were food secure, 10% household but not child food insecure, and 10% household and child food insecure; (2) 72% were energy secure, 14% moderately energy insecure, and 15% severely energy insecure; and (3) 59% were housing secure, 35% moderately housing insecure, and 6% severely housing insecure.
There were statistically significant differences between the 3 cumulative hardship levels and demographic characteristics, including study site, mother's self-reported race/ethnicity, place of birth, marital status, education level, employment, age, and scores on the depressive symptoms index, child's age and history of breastfeeding, and the number of children Յ17 years of age in the household (Table 1). 
FIGURE 1
Analytic sample selection.
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FRANK et al younger household members among whom resources need to be distributed and is distinct from the crowding definition (Ͼ2 people per bedroom) used in defining housing insecurity. All of these variables were controlled for in subsequent analyses, as were the child's birth weight and gender, because of their importance in interpreting anthropometric measurements.
Bivariate Results
In bivariate analyses, 46% of children whose caregiver reported no hardship met the study definition of wellness, compared with 42% of children experiencing moderate hardship and 35% of children experiencing severe hardship (P ϭ .0001) ( Table 2) . When the components of wellness were evaluated separately, 11% of the children with no reported hardship were described as being in fair or poor health, compared with 13% of children with moderate hardship and 19% of children with severe hardship (P Ͻ .0001). Children with no or moderate hardship experienced identical rates of lifetime hospitalizations (27%), which differed marginally from the rate for children with severe hardship (33%; P ϭ .05). Although the overall rates of children at risk for underweight (defined as weight for age of Ͻ5th percentile or weight for length of Ͻ10th percentile) were high, the rates did not differ significantly between groups (no hardship, 16%; moderate hardship, 14%; severe hardship, 14%; P ϭ .09). However, rates of risk for overweight (defined as weight for age or weight for length of Ͼ95th percentile or BMI of Ͼ85th percentile, for children Ͼ24 months of age), which also were high, showed a marginally significant difference between hardship categories (no hardship, 16%; moderate hardship, 18%; severe hardship, 19%; P ϭ .05).
Rates of scoring at developmental risk on the PEDS differed significantly between hardship categories (no hard- (27) 1112 (27) 140 (33) .05 At risk of underweight a 423 (16) 577 (14) 59 (14) .09 Overweight b 423 (16) 746 (18) 79 (19) .05 At developmental risk on PEDS 331 (13) 616 (15) 102 (24) Ͻ.0001
Private insurance was excluded in all analysis, and children were Ն4 months of age. a At risk of underweight was defined as weight for age of Ͻ5th percentile or weight for height of Ͻ10th percentile. b Overweight was defined as weight for length of Ͼ95th percentile for children Ͻ24 months of age and BMI for age of Ն85th percentile for children Ն24 months of age. If length data were not available (25.6% of sample), then weight for age of Ն95th percentile was used as a proxy measure.
ship, 13%; moderate hardship, 15%; severe hardship, 24%; P Ͻ .0001).
Multivariate Results
As summarized in Table 3 , in multivariate analyses controlling for the variables described in Table 1 Separate multivariate logistic regression analyses were performed according to race/ethnicity, to explore whether the associations between cumulative hardship and adverse outcomes differed substantially according to race/ethnicity. Associations between hardship and children's wellness, hospitalizations, and PEDS developmental risk were similar across races/ethnicities (analyses available from the authors on request). Given the smaller sample sizes in these race/ ethnicity-specific analyses, these findings should be considered exploratory. We evaluated whether maternal depressive symptoms were an important mediator or confounder of our findings by performing the multivariate regression analyses with and without depressive symptoms included and found that, although the results presented in Table 3 were slightly stronger when maternal depressive symptoms were not controlled for, the direction and magnitude of effects were similar (analyses available from the authors on request).
DISCUSSION
After controlling for many social/medical risk factors, including demographic and perinatal variables and caregivers' depressive symptoms, we identified an incremental effect of cumulative economic hardships on the well-being of low-income, young children. Our a priori index of cumulative hardship, derived from a synthesis of our previous studies of the individual components of food insecurity, 13, 17, 22 energy insecurity, 20 and housing insecurity, 21 seems, with one important exception, to approximate an ordinal index, with odds of the wellness composite and individual component adverse outcomes increasing with increasing index scores. Overweight showed a U-shaped pattern, with children with moderate hardship having greater adjusted odds of being classified as overweight, compared with those with no hardship or severe hardship. This is not an unprecedented finding; Olson 41 noted a marginal increase in BMI among low-income women living in food-insecure households but not among women living in households experiencing severe food insecurity, as indicated by child hunger, possibly because those with moderate hardship or food insecurity are able purchase energy-dense but nutrient-poor foods, whereas those with severe food insecurity or hardship cannot even purchase adequate energy.
This cross-sectional study design can demonstrate only associations and not causation. The population studied was a sentinel sample of low-income caregivers and their 4-to 36-month-old children who were waiting for care at 1 of 5 urban primary care clinics or emergency departments. On one hand, the subjects presenting to health care settings might be at higher risk for negative health and development than lowincome children in general. On the other hand, caregivers of the most seriously ill or injured children, who might have been at even higher risk, were not included because of their need for urgent care. The groups most likely to have missing data (immigrant, not breastfed, and no high school diploma or equivalent) are also those that might be at greater risk of hardship and adverse outcomes, compared with those with complete data; therefore, our estimates are conservative. The findings from this sentinel sample do not permit a simple estimation of the associations between cumulative hardship and wellness in the national population of low-income, young children. However, nationally representative survey data, which would permit such an estimate, are not currently collected. Although we controlled statistically for most of the factors used in other cumulative risk approaches (and added whether the caregiver was born in the United States), some factors were not considered. Almost all of the children in this sample had public health insurance; therefore, health insurance was not considered as a component of the cumulative hardship index. Given the constraints of acutecare medical settings, we did not include measures of the quality of the mother-child interaction or the level of stimulation in the home environment, both of which are potentially important mediators or confounders of the impact of cumulative material hardship on children's development. Ascertainment of the use of tobacco by adults in the household, which is a known correlate of poor child health that others have found to be an important correlate of food insecurity, was added to our survey only recently, and data were not available for the current analysis. 42, 43 Another potential limitation is that our health outcomes solely reflect caregivers' proxy reports of children's perceived good/excellent health and lifetime hospitalizations. However, similar reports were shown by others to be valid in low-income populations with children in this age range. 44, 45 
CONCLUSIONS
Food insecurity, housing insecurity, and energy insecurity, which are potentially remediable, adverse material conditions that are pervasive among low-income families in the United States, are in concert associated negatively with wellness among infants and toddlers. Although mothers' depressive symptoms were associated with the level of cumulative hardship, the statistically significant association of cumulative hardship with outcomes persisted regardless of whether such symptoms were entered into the analysis, which suggests that maternal mental health is not the primary explanatory mechanism for these results. These conditions may exert direct negative physiologic effects on children, plausibly through diets of inadequate quality or quantity, heat or cold stress, and enhanced exposure to infectious diseases or noise in crowded households. 
